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In botli the adult females that I have examined there is no

trace of the ridged hollow on the abdomen, and the only trace

of the tooth on the pedicel is a slight angulation of the dorsal

sclerites. The absence of the organ in the female and the

higii development that it attains in the male permit us to

conclude that the sound emitted is used as a sexual call.

XXXIV.— T/^e Pholadidffi : Note on the Early Stages of
Development. By C. P. SiGERFOOS*.

During the summer of 1894, while with the Johns Hopkins
Marine Laboratory at Beaufort, I was employed by the

U.S. Fish Commission to study the natural history of the

ship-worms on account of their great economic importance.

While so engaged I observed the early stages in the develo|)-

ment of four species of the Eholadidee ; these were Pholas

truncata, Teredo navalis, T. norve(/ica, and T. [Xylotrya)

Jimbriata. T. navalis is the common shi]>worm of Europe,

and has been frequently studied. It is found but sparingly

at Beaufort, and is of little economic importance there. The

from Chatham Island, is the male example that Mr. Cambridge has

fio-ured in the ' Transactions of" the NewZealand Institute,' 1873, p. 202

;

the second is the female from Canterbur}', the tvpe of C. fasciata,

L. Koch ; and the third is au additional female from Waikato, which
L)r. L. Koch also examined and identified. Koch's type is an adult

female ; but since its carapace measures only a little over 3 millim. iu

length, I tind it hard to believe, without further evidence, that the male
from Chatham Island, which has the carapace 10*5 millim. long, is co-

specitic with it. It appears to me too that the second female, the one

fiom Waikato, is also distinct from fasciata, since it is of considerably

larger size (carapace 6'o millim. long), and the impressions on the vulva

have a different form. I may add that in both of them there is a very

distinct tubercular tooth (omitted from Koch's figure) at the anterior end
of the median groove of the vulva ; that the anterior lateral eyes in

C.fnsciata are round, and only oval, as Koch has figured them, when
seen in perspective ; that the posterior spiracles are in front of the colidus,

and are not placed in the integumental fold that Koch mentions and
compares with that of Anyphccna ; and that the additional stigma tliat

Mr. Cambridge figured and described is a muscular scar.

Two sp>.'cies, then, of the genus have been described, namely Cam-
bridyca a?ifipo(Kana (White) (P. Z. S. 1849, p. 5), with which C. fasciata,

Cambr. (Tr. N. Z. Inst. 1873, p. 202), is synonymous, and C. fasciata,

L. Koch (' Die Arachn. Australiens,' i. p. 358, pi. xxviii. fig. 2, 1871).

Tliese two must, I think, be provisionally regarded as distinct, on account

of the enormous disparity in size between the two sexes, the male being

so very much larger than the female.
* From the ' Johns Hopkins University Circulars,' vol. xiv. no. 119,

pp. 78, 70.



234 Mr. C. P. Sigerfoos on the Pholadidae.

other two species have been little studied. They are vcrj

abundant at Beaufort, and in the warm waters of our southern

coast grow with great rapidity, so that they are extremely

destructive to all kinds of woodwork. T. norvegica may,
under favourable conditions, attain a length of 4 feet in two

years in hard piles. Its burrow is almost or quite an inch in

diameter, so that a few of them may soon ruin a heavy pile.

The present note is published through the courtesy of the

U.S. Fish Commission. A fuller account of the natural

history of the ship-worms will be published by the Coin-

mission.

Pholas.

Pliolas is found in the stiff mud between tide-marks. It

spawns the latter part of April and during May, so that the

breeding-season is limited to a period of a few weeks. The
sexes are separate and found in about equal proportions.

The eggs are rather transparent, and hence favourable for

study among marine Laraellibranchs, though their small size

and the miiformity in the size of the micromeres make thorn

unfavourable objects for studies of cell-lineage. Artificial

fertilization is easy and the embryos develop with great

uniformity. Development is very rapid, and on warm days

the embryos may be free-swimming within three hours of the

time the eggs are fertilized.

The first two planes of cleavage are meridional, giving

rise to the four-cell stage which has so often been described

and figured for various Lamellibranch eggs. The next plane

of cleavage is equatorial, giving rise to an eight-cell stage,

consisting of a large macromere and seven micromeres of

almost, if not quite, equal size. A sixteen-cell stage and a

seventeen-cell stage are formed just as Lillie has recently

described for Unio (Journ. Morpli., Jan. 1895). In fact, his

description for Unio of the formation of the blastoraeres to

the seventeen-cell stage applies strictly also for Pholas^ except

in the size of the micromeres.

After the seventeen-cell stage I could not follow cleavage

with certainty as to the lineage of the cells. The axes of the

embryo are approximately indicated by the position of the

polar bodies, which persist till after the embryo has become
iree-swimming. The posterior mesoderm arises as a single

cell, as usually described, and soon afterwards the macromere
divides into right and left entoblasts. Soon afterwards the

mesoblast also divides into right and left halves, and bilateral

symmetry is established.

The two entoblasts soon divide into anterior and posterior



Mr. C. P. Sigerfoos on the Pholadidse. 235

portions, the latter somewhat larger than the former. The
left entoblast always divides first. The cilia appear at the

stage with two entoblasts. The two or three apical cilia are

more than twice as long as the embryo. The pre-oral cilia

arc not arranged on circles of cells. Each cell which bears

them has three or more. The apical cilia turn spirally,

causing the embryo to rotate on its long axis in the direction

of the hands of a clock.

Gastrulation is partly epibolic, partly by invagination.

The entoblast-cells continue to divide. The spindles are

always transverse to the long axis of the cells, so that the

primitive gut comes to be formed of very high cells. Small
cells are not separated from them into the cleavage-cavity.

After gastrulation begins the ectoblast continues to grow
forward slightly at the posterior border of the blastopore, so

that it becomes crescent-shaped. It does not close, but

persists as the mouth.

Professor Brooks several years ago pointed out a transitory

change in shape of the oyster embryo. This is present in all

of the four species I studied, and I believe to be connected

with the formation of a second mesoblastic element. In
addition to the mesoblast as usually described there is an
anterior mesoblastic element, formed at about the time that

the entoblast consists of four cells. The embryo becomes
flattened in its dorso-ventral axis, and while so a pair of

ectoblast-cells migrate from the surface and are deposited on
the summit of the entoblast. The point on the surface from
which they migrate soon closes over and leaves no trace of

their inwandering. The embryo soon afterwards resumes its

spherical shape.

Summing up: The first two planes of cleavage are meridional,

followed by an equatorial. Segmentation is such that bilateral

symmetry is not established till after the formation of the

germ-layers. The entoblast-cells divide into almost equal

parts, and gastrulation is partly epibolic, partly by invagina-

tion. The blastopore persists as the mouth. The first cilia

are irregularly arranged ; the apical cilia are very large ; the

embryo rotates on its long axis, in the direction of the hands
of a watch. In addition to the mesoblast, as usually described,

there is a second factor derived from the ectoblast after the

embryo is free-swimming.

Teredo norvegica.

I am indebted to Professor Dall for the determination of

this species. It is found abundantly at Beaufort, grows
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rapidly to great size, and is very destructive. The sexes are

separate and of about equal proportions. I found specimens

sexually mature during the spring and until the middle of

July. The breeding-season probably lasts all summer. The
eggs are cast into the water, and, if the sexual products are

mature, they are extruded through tlie siphons when the

animals are taken from their tubes. The eggs are of about

the same size as those of Pholas, but more opaque and of

somewhat slower cleavage. The segmentation of tlie egg and
the derivation of the germ-layers are step by step as in Pholas,

so that to describe them would be but a repetition of every

detail —planesof cleavage, establishment of bilateral symmetry,
gastrulation and division of the entoblast-cells, double origin

of the mesoblast, ciliation and rotation of the embryo, per-

sistence of the crescent-shaped blastopore as the mouth.
The accompanying figure represents a longitudinal section

of an embryo of T. norvegica with eight entoblast-cells. The
apical end is to the riglit. The posterior mesoblast, /)/n, lies

in the cleavage cavity, as does also the smaller anterior meso-
blast, am, upon the entoblast-cells. The four entoblast-cells

shown are of subequal size. The shell-gland is just beginning

to form.

Teredo {Xylotrya) fimhriata.

This species is equally as abundant at Beaufort as the

preceding, but of smaller size. The sexes are separate and
of about equal {proportions. The eggs develop in the water,

but are not extruded as are those of T. norvegica. They are

easily fertilized artificially and develop rapidly. The embryos
are hardy in aquaria. Except for tlie greater opacity of the

egg, I think it impossible to distinguish the segmenting Qg^
and embryo from those of Pholas. All of the features sum-
marized for Pholas are true for this species.

Teredo navalis.

As is well known, the eggs and embryos of this species are
retained in the gills till the larvae have reached a somewhat
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advanced stage of development. It is found but sparingly at

Beaufort, so that ray observations on this form were not

extensive. However, ofle set of embryos which I secured

were just at the end of segmentation and at the time of the

derivation of germ-layers. In most of the eggs the large

mesoblast was ah-eady formed ; but in one, more tardy than

the others, it was derived from the right entoblast. The two
large entoblasts are of equal size. The left in all cases

divides first into two cells, the anterior slightly the smaller.

The right soon follows, dividing like the left. Soon those of

the left divide again, followed by division of the right, so that

the entoblast consists of eight subequal cells, each quite high,

bordering on the blastopore, and with the nucleus nearer the

outer end. The ciliation of the embryo is less perfect and
developed later than in the preceding three species. It is

flattened as in the other forms ; but I could not observe with

certainty the inwandering of the ectoblast-cells to form

mesoblast. Soon after this ' stage the embryos became
irregular.

The actual migration of ectoblast-cells to form part of the

mesoblast, I believe, has not been described before. Lillie

traces a " larval mesoblast " to one of the ectoblasts of Uaio.

This migration of cells from the surface into the cleavage-

cavity is present in great uniformity as to time and position

of formation in the first three species I have described ; and [

think we must believe that a like condition holds for

T. naval is.

This second origin of the mesoblast I take to be of double

significance, in so far as it touches Ilatschek's description for

T. navalis (' Arbeiten Zool. Inst. Wien,' vol. iii. 1881). The
early stages in the formation of the gut (the division of the

entoblasts) are exactly like those of the other three forms

—

like all marine Lamellibranchs which have been accurately

studied. At least during the early stages there is an invagi-

nation of the entoblasts, and there is no evidence that small

cells are formed from the single large entoblasts of either side,

which later arrange themselves to form the gut. Hatschek

says he had no stages between those he represents in tigs. 13

and 14 «. The embryos I had bridge this gap. His error

in describing the formation of the gut arose, I believe, from

his finding small cells lying on the entoderm in slightly later

stages. These, as I have shown, are mesodermal elements

derived from the ectoderm which come to lie on the entoderm.

I think the evidence is that the Pholadidaj in their early stages

develop in the same manner, even to minute details. I see

no reason to believe that T. navalis departs from the other

Au7i, & Mag. N. Hist. Ser. 6. Vol. xvi. 17
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species so much as to have different planes of cleavage of the

e^g, a different derivation of the germ-layers, and a different

mode of formation of the gut. Nor do I think its egg and

embryo are symmetrical before the germ-layers are differen-

tiated.

In his accurate study of the cell-lineage of Umo^ Mr. Lillie

finds that each of the cells of the four-cell stage contains

entodermal elements. In the marine forms the derivation of

the entoderm from the large macromere alone is interesting,

since in the early stages of cleavage the lineage of the cells

in the various Pholadidaj is so like that in Unio^ even to

minute details.

XXXV.—On African ^^ole-Rats of the Genera Georychus
"

and Myoscalops. By Oldfield Thomas.

I. A new Slides o/" Georychus yrom Maslionaland.

The arrival of two small collections of admirably prepared

skins from Mazoe and Salisbury, Mashonaland, presented

respectively by Mr. J. Ffolliott Darling and Mr. Guy A. K.
Marshall, in each of which there are two specimens of a

Georychus, has involved the re-examination of the Museum
material in that genus. Of the species found in Angola

Prof. Barboza du Bocage has recently given an account *,

dividing them into several groups or forms, which he wisely

does not venture to define specifically, both on account of

their exceeding difficulty and for want of better material

than is as yet possessed by any museum. The South-African

ones, however, are perhaps more easily arranged, at least

provisionally, for instead of the considerable number of

different forms found in Angola there seem to be only three

or four altogether, and these well separated geographically.

Thus, G. capensis of the western Cape Colony is perfectly

distinct from the others, while all the specimens from the

eastern part of the colony, from Natal northwards to the

Limpopo, seem fairly referable to G. cwcutiens, from which

I cannot at present distinguish G. hotientottus, Less., G. Lud-
wigi, A. Sm., or G. holosericeus, Wagn.f North-westwards

• J. Sci. Lisb. (2) iv. p. 269 (1890).

t This species was founded on three specimens from different localities

which might hereafter prove to be of different species ; but as Graaf

Reiuet is the first-mentioned locality, the one from there should be taken

as the type.


